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GENERAL INTRODUCTION 
Introduction 
Soybean cyst nematode, Heterodera glycines Ichinohe, is 
considered to be the most important pathogen of soybean, 
Glycine max (L.) Merrill (Doupnik, 1993). This pathogen 
reduces soybean yields, resulting in billions of dollars in 
lost revenue annually for the American soybean producer 
(Wrather et al., 1997). As the demands for and uses of 
soybeans increase, it will be important that the United 
States develop management strategies that will reduce yield 
loss in soybean due to this nematode. Where can we look to 
develop potential management strategies against the soybean 
cyst nematode? One place to look for clues is to determine 
strengths and weaknesses within the life cycle of the soybean 
cyst nematode. 
Heterodera glycines is a soil-borne pathogen, and most 
eggs of this nematode are located in a protective cyst formed 
by the dead female (Agrios, 1997). The nematode embryo 
develops into a vermiform, first-stage juvenile. While in 
the eggshell, the first-stage juvenile molts and develops 
into a second-stage juvenile. The second-stage juvenile 
hatches from the egg and is the infective stage. This 
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nematode is an obligate parasite (i.e. requires a host to 
complete its life cycle). If a host is present, the juvenile 
penetrates the host root and migrates intracellularly through 
the root cortex before establishing a feeding site, or 
syncytium, in the vascular tissue of the root (Young, 1992) 
Using a feeding apparatus, termed a stylet, the nematode 
secretes compounds that putatively redirect plant cell growth 
and regulation to form the syncytium. The syncytium becomes 
a nutrient sink for the plant, and the redirection of 
nutrients from the plant to the syncytium is one cause of 
yield loss due to this pathogen. As the second-stage 
juvenile feeds at the syncytium, it will develop into a 
third- and fourth-stage juvenile, molting between each stage. 
Observable sexual dimorphism in the juveniles occurs during 
the third stage. Juvenile males stop feeding and revert to a 
vermiform shape during the fourth stage, while juvenile 
females continue to feed and swell. The lemon-shaped adult-
females continue to feed and enlarge and eventually ruptures 
the root which exposes it the root surface. The adult male 
migrates out of the root and inseminates the female on the 
surface of the root. After fertilization, the female lays 
eggs in a gelatinous matrix outside of her body and eggs 
accumulate in the uterus (Agrios, 1997). After the female 
3 
dies, the cuticle will harden and melanize, forming a 
protective case or cyst around the eggs contained within the 
body. 
The eggs within a cyst may remain viable and unhatched 
for several years (Ishibashi, 1973). This developmental 
dormancy, or diapause, of the unhatched eggs is an important 
survival strategy for the nematode, allowing the nematode to 
survive in the soil during long absences of a host crop. The 
ability of the nematode to delay hatching or to hatch 
selectively in response to environmental stimuli makes the 
management of this pathogen difficult. If we could develop a 
method to induce hatching of eggs in the absence of a host, 
the emerged second-stage juvenile would eventually die due to 
starvation, which would reduce the nematode population 
density in the field. 
Currently, the most economical strategy to manage fl. 
glycines populations in infested fields is to use a six-year 
crop rotation of fl. glycines-resistant and susceptible 
soybean cultivars with alternating years of nonhost crops 
(Tylka, 1995). The six-year crop rotation involves growing 
fl. glycines-resistant soybean cultivars during years two and 
four, with non-host crops, such as corn, grown during the 
first, third, and fifth years of the rotation. A susceptible 
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soybean cultivar is recommended for the sixth year before the 
rotation cycle is repeated. The use of a fl. glycines-
susceptible variety possibly reduces selection pressure for 
nematodes that can feed on the fl. glycines-resistant soybean 
cultivars (Young, 1992). 
The six-year crop rotation reduces nematode population 
density over a period of several years, but does not 
eliminate the nematode from the field. To expedite the 
reduction of nematode populations in production fields, 
compounds that stimulate fl. glycines hatching could be 
incorporated with nonhost crops or fl. glycines-resistant 
soybean cultivars. 
There are reports of compounds and biological materials 
that stimulate hatch of soybean cyst nematode eggs. Zinc, in 
the form of zinc salts (Clark and Shepherd, 1966), and 
soybean root diffusate (Levene, 1998; Tefft and Bone, 1985) 
stimulate hatch in fl. glycines. A fl. glycines hatch 
stimulator, glycinoeclepin A, has been isolated from the 
roots of the kidney bean (Masamune et al., 1982). 
Additionally, the homogenate of fl. glycines eggs reportedly 
stimulates hatch in fl. glycines (Okada, 1972b). 
I 
Instead of reducing nematode1population densities by 
stimulating hatch in the absence of a host, another useful 
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management tactic would be to protect susceptible soybeans 
from the nematode by inhibiting egg hatch. As previously 
mentioned, glycinoeclepin A stimulates hatch, but synthetic 
analogs of this compound inhibit hatch (Kraus et al., 1994; 
Kraus et al., 1996). A putative hatch inhibitor contained 
within the cyst may be involved in the maintenance of 
diapause (Okada, 1972a). If such a hatch inhibitor could be 
isolated and produced in large quantities, the hatch 
inhibitor could be applied to fl. glycines-infested soil and 
consequently protect susceptible soybeans. 
The first objective of my research was to determine 
whether compounds that affect hatching are associated with 
the cysts and eggs of fl. glycines. If consistent detection 
of these compounds was achieved, the biological source could 
be eluted, and isolation and chemical characterization of the 
compounds could be accomplished. 
Many factors may influence the detection of compounds 
that affect hatching, including the developmental stage of 
the eggs used in the experiments and the procedures used to 
study hatch. Surface disinfestation of eggs is a common 
practice used to reduce microbial contamination in laboratory 
hatch studies. During preliminary experiments examining the 
effects of cyst components on fl. glycines hatching, surface 
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disinfestation of eggs coincided with a lower hatch relative 
to non-surface-disinfested eggs for similar incubation 
solutions. Consequently, the second objective of my research 
was to determine if surface disinfestation of H- glycines 
eggs affects hatching. 
Laboratory hatch studies are time consuming and labor 
intensive. Perry and Feil (1986) developed a novel bioassay 
that may expedite the search and isolation of compounds that 
affect hatch in the golden cyst nematode, Globodera 
rostochiensis (Wollenweber) Behrens. This bioassay involves 
the use of acridine orange and fluorescence microscopy. 
Increased eggshell permeability in Q. rostochiensis by zinc 
sulfate and potato root diffusate results in the passage of 
the fluorochrome dye into the egg. Uptake of dye by eggs is 
correlated to hatch in Q. rostochiensis. 
In addition to using fluorescence microscopy to assess 
fluorochrome uptake by eggs, flow cytometry could be utilized 
as a more sensitive, more objective, and less labor-intensive 
method to measure egg staining of nematode eggs. The third 
objective of my research was to determine if acridine orange 
staining of H- glycines eggs (as measured using flow 
cytometry) was correlated with hatching of the eggs. 
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Thesis Organization 
This thesis consists of this general introduction and 
corresponding literature cited section, two separate papers, 
and a general discussion. The first paper is co-authored by 
G. L. Tylka and the second is co-authored by G. L. Tylka and 
K. R. Harkins. Both papers will be submitted to the Journal 
of Nematology for publication. 
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HATCH STIMULATION ASSOCIATED WITH COMPONENTS OF THE 
HETERODERA GLYCINES CYST AND EFFECT OF SURFACE DISINFESTANTS 
ON H. GLYCINES HATCHING 
A paper to be submitted to the Journal of Nematology 
D. V. Charlson and G. L. Tylka 
ABSTRACT 
We investigated the effects of Heterodera glycines Ichinohe 
cyst components and surface disinfestants on hatching of H. 
glycines eggs. In one set of experiments, H. glycines eggs 
were incubated in either H._ glycines cyst wall fragments, 
cyst wall and egg rinsate, egg homogenate, zinc sulfate, 
soybean root diffusate, or sterile distilled water. Hatch in 
cyst wall and egg rinsate and egg homogenate was greater than 
hatch in sterile distilled water, however not different from 
hatch in zinc sulfate. Hatch in cyst wall fragments was not 
different from hatch in sterile distilled water. Results 
indicated that components of the H. glycines cyst and egg 
stimulate hatching. To determine whether surface 
disinfestants affect hatching, H. glycines eggs were treated 
with chlorhexidine diacetate, streptomycin sulfate, mercuric 
chloride, or sodium hypochlorite. Eggs then were incubated in 
10 
sterile distilled water, zinc sulfate, soybean root 
diffusate, or fl. glycines egg homogenate. Hatch of eggs 
treated with chlorhexidine diacetate, mercuric chloride, and 
streptomycin sulfate was lower, and hatch of eggs treated 
with. sodium hypochlorite was greater, than hatch of untreated 
eggs in all incubation solutions except zinc sulfate. Hatch 
in zinc sulfate was similar among all surface disinfestants 
except mercuric chloride, where hatch was reduced relative to 
hatch ot untreated and other surface disinfestant-treated 
eggs. Results indicated that treatment of fl. glycines eggs 
with surface disinfestants affects hatching. 
Key Words: chlorhexidine diacetate, cyst, cyst wall and egg 
rinsate, cyst wall fragments, egg homogenate, hatch 
inhibitor, hatch stimulator, hatching, Heterodera glycines, 
mercuric chloride, sodium hypochlorite, soybean root 
diffusate, streptomycin sulfate, surface disinfestant, 
surface disinfestation. 
INTRODUCTION 
The encysted eggs of the soybean cyst nematode, 
Heterodera glycines Ichinohe, remain viable and unhatched for 
up to 11 years (Inagaki and Tsutsumi, 1971). This delay in 
11 
hatching, or diapause, is an effective survival strategy for 
the nematode. The hatching of encysted fl. glycines eggs may 
be suppressed by hatch-inhibiting compounds within the cyst. 
Okada (1972a) reported that a hatch inhibitor was washed from 
the cyst wall or egg surfaces and that egg homogenate 
stimulated hatch of fl. glycines eggs (1972b). Our ultimate 
goal was to isolate and identify these compounds that 
reportedly affect fl. glycines hatching, so our first 
objective was to determine if their presence could be 
detected consistently. 
Surface disinfestation of nematode eggs commonly has 
been used to reduce microbial contamination during laboratory 
hatch studies. Sodium hypochlorite has been used to collect 
and surface disinfest egg-mass eggs of fl. glycines and 
Meloidogyne spp. (Hussey and Barker, 1973; Koenning and 
Barker, 1985; Thompson and Tylka, 1997). Mercuric chloride 
has been used to surface disinfest fl. zeae cysts to obtain 
microbe-free eggs (Arjun et al., 1982), and streptomycin 
sulfate has been used to reduce microbial contamination of 
hatch solutions and to surface disinfest nematodes (Mountain, 
1955; Huettel, 1990). Results of our preliminary experiments 
indicated that treatment of fl. glycines eggs with 0.5% 
chlorhexidine diacetate (Acedo and Drapkin, 1982) affected 
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hatching. Consequently, our second objective was to 
determine if treatment of H- glycines eggs with the above 
mentioned surface disinfestants affect hatching. 
MATERIALS AND METHODS 
Inoculum preparation: Soil infested with H- glycines was 
collected in May of 1998 and 1999 from a field near Ames, IA, 
in which soybean, Glycine max (L.) Merrill, had been grown 
annually since 1995. Soil was stored at approximately 25 °C, 
and cysts were extracted from soil within nine months of soil 
collection. 
Infested soil was suspended in water, and cysts were 
collected on a 250-µm-pore sieve by wet sieving followed with 
decantation (Gerdemann, 1955). Plant and soil debris were 
separated from cysts using sucrose-centrifugal flotation 
methods modified from Jenkins' description (1964). Cysts and 
debris were suspended in 30 ml of 1,362 g/liter sucrose 
solution and centrifuged at 880g for 2 minutes at 25 °C, then 
the supernatant was poured through a 250-µm-pore sieve to 
collect cysts. Additional debris were removed from cysts by 
overlaying cysts and debris on 30 ml of 1,362 g/liter sucrose 
and centrifuging at 4,000g at 4 °C for 1 hour. Cysts were 
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recovered from the supernatant as described above. Eggs were 
released from cysts with a stainless steel pestle attached to 
a variable-speed stirrer (T-line Lab Stirrer; Talboys 
Engineering Corp., Montrose, PA) as previously described by 
Niblack et al. (1993). Debris were removed from the eggs by 
centrifuging for 1 minute at 880g in 454 g/liter sucrose 
(Jenkins, 1964), after which the supernatant was poured 
through a 30-µm-pore sieve to recover the eggs. Eggs were 
rinsed three times with and subsequently suspended in sterile 
distilled water, then stored at 4 °C for no more than 48 hours 
before use in experiments. 
Laboratory hatch assay procedures: Hatching of H-
glycines eggs was assessed in laboratory experiments. For 
the various experiments, 300 µl of incubation solutions were 
dispensed into randomly assigned wells of sterile, 48-well 
tissue culture trays (Becton Dickinson and Company; Franklin 
Lakes, NJ). Each tray represented a replication in a 
randomized complete block design experiment. At the 
beginning of each experiment, incubation solutions were 
allocated to all trays needed for the study, and the trays 
were sealed with parafilm (American National Can; Chicago, 
IL) and stored at -20 °C until thawed at 25 °C for use. 
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Adapting methods described by Wong et al. (1993), sieves 
were constructed of 30-µm-pore nylon mesh (Tetko; Briarcliff 
Manor, NY) held between 1.0-cm-diam. x 1.5-cm-high and 0.7-
cm-diam. x 1.5-cm-high cylinders that were cut from 1.0- and 
0.1-ml pipet tips (Fisher Scientific; Pittsburgh, PA), 
respectively. Approximately 2,000 eggs were decanted onto 
each sieve, and sieves were placed into wells containing 
incubation solutions. Eggs were incubated in incubation 
solutions at 25 °C in darkness. Sieves were transferred to 
duplicate tissue culture trays containing incubation 
solutions every 2 days for 18 days, and hatched juveniles 
remaining in the wells were counted for each sampling day. 
At the end of each experiment, the initial number of eggs on 
each sieve was determined by summing the number of unhatched 
eggs remaining on the sieve with the number of juveniles that 
had hatched during the experiment. The sum of hatched 
juveniles over the 18-day incubation period was divided by 
the initial number of eggs, then multiplied by 100 to 
calculate the percent cumulative hatch (Wong et al., 1993) 
Effect of cyst components on hatching: Laboratory 
experiments were conducted to determine whether components of 
the fl. glycines cyst affected hatching of the eggs. Cysts 
were separated into three components: cyst wall fragments, 
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cyst and intact egg rinsate, and egg homogenate. Intact 
cysts, obtained as described above, were separated manually 
into groups of 864 cysts; each group represented a 
replication. Cyst walls were broken and eggs were freed from 
cysts using a 1.5-ml microcentrifuge tube and pellet pestle 
(Kontes Scientific Glassware/Instruments; Vineland, NJ). One 
milliliter of sterile distilled water was added to the broken 
cysts and freed eggs, the suspension was centrifuged at 
6,000g for 1 minute at 25 °C, and rinsate was decanted and 
saved. This process was repeated five additional times. The 
decanted cyst and egg rinsate was collected from each batch 
of cysts and diluted to a volume of 7.5 ml with sterile 
distilled water. 
The broken cyst walls were separated from the intact 
eggs using nested 150-, 75-, and 30-µm-pore nylon-mesh 
sieves, which were made using a method modified from Wong et 
al. (1993). Nylon mesh (Tetko; Briarcliff Manonr, NY) was 
held together between 18-mm-diam. x 20-mm-high and 20-mm-
diam. x 20-mm-high polypropylene test-tube caps (Fisher 
Scientific; Handover Park, IL) with the enclosed ends 
removed. Cyst walls were collected on the 150-µm-pore sieve 
and intact eggs were collected on the 30-µm-pore sieve. 
Material collected on the 75-µm-pore sieve was discarded. 
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Broken cyst walls and intact eggs were washed with 50 ml of 
sterile distilled water while on the sieves. Broken cyst 
walls and intact eggs were transferred with tap water to 
individual 1.5-ml microcentrifuge tubes. Cyst walls were 
centrifuged at 6,000g for 1 minute in 1,362 g/liter sucrose 
to separate any intact eggs and juveniles from cyst walls. 
Subsequently, the sucrose solution containing eggs and 
juveniles was discarded, and the pellet of broken cyst walls 
remained in the tube. Cyst walls were rinsed three times 
with sterile distilled water by centrifuging at 6,000g for 1 
minute, followed by decantation. Cyst walls and intact eggs 
were concentrated into 0.1 ml volumes and sonicated at 20 kHz 
for 7 seconds using a two-mm-diam. probe (High Intensity 
Ultrasonic Processor, 50-Watt 4710 Series; Cole-Parmer 
Instrument Co., Chicago, IL), then the microcentrifuge tubes 
containing the components were placed on ice for 30 seconds. 
Sonication and cooling were repeated five additional times to 
produce cyst wall fragments and egg homogenate. Cyst wall 
fragments and egg homogenate were diluted to a volume of 6.5 
and 7.5 ml, respectively, with sterile distilled water. 
To remove intact juveniles and eggs from egg homogenate 
and cyst wall and egg rinsate, each batch of these materials 
was sterilized individually by passing the solutions through 
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a 0.22-µm-pore cellulose-acetate vacuum filter (Corning 
Costar; Corning, NY) that resulted in a final volume of 6.5 
ml. The three cyst components (cyst wall fragments, cyst 
wall and egg rinsate, and egg homogenate) were diluted 
sequentially from an equivalent of 133 to 66 and 17 cysts/ml 
with sterile distilled water. The three cyst components were 
kept on ice or at 4 °C during preparation. 
To assess hatching, washed, free eggs, obtained from the 
nematode population that was used to recover the cyst 
components, were rinsed in sterile distilled water and 
dispensed onto sieves as described above. The sieves were 
placed in suspensions of cyst components, sterile distilled 
water, 3 mM zinc sulfate (Fisher Scientific, Pittsburgh, PA), 
or soybean root diffusate. 
Soybean root diffusate was prepared, using a combination 
of two previously reported methods (Levene et al., 1998; 
Tefft and Bone, 1985), from Q. max cv. Corsoy 79 plants grown 
in a two parts soil:one part sand medium in a greenhouse from 
June to October 1998. Five weeks after planting, the soybean 
plants were removed from the soil:sand medium, and roots were 
rinsed with tap water to remove soil and sand particles. The 
roots of six intact plants were incubated with 400 ml of 
distilled water in a 500-ml Erlenmeyer flask covered with 
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aluminum foil. Plants were incubated for 48 hours in these 
flasks in the greenhouse under natural light conditions with 
an average day time temperature of 20 to 30 °C. The volume of 
diffusate was collected and then recorded. The roots were 
excised at the hypocotyl, blot-dried, and weighed. The 
concentration of root diffusate was quantified as root-gram-
hour (RGH), which was calculated as root mass (g) multiplied 
by incubation time (hour) then divided by the amount of 
diffusate obtained (ml) (Tefft and Bone, 1985). After the 
diffusate was centrifuged at 138,000g for 45 minutes at 4 °C, 
the pellet was discarded and the supernatant was sterilized 
by passing it through a 0.22-µm-pore cellulose-acetate filter 
(Corning Costar; Corning, NY). Sterile diffusate was stored 
at -20 °C and was diluted to a concentration of 2.0 RGH with 
sterile distilled water immediately before use in the 
experiments. 
The experiment was conducted four times, twice each with 
cysts and eggs collected in 1998 and 1999, within 4 to 18 
weeks after soil collection. Treatments were replicated four 
times within each experiment, but the cyst wall fragment 
component was tested in only three of the four experiments. 
Percent cumulative hatch after 18 days of incubation was 
calculated for each treatment as described above. 
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Effect of chlorhexidine diacetate on hatching: A two-by-
eight factorial experiment was conducted to investigate the 
effects of treating eggs with chlorhexidine diacetate on 
hatching. Eggs were extracted from cysts obtained from soil 
collected in 1998. Eggs were incubated for 15 minutes at 25 
°C in 0.5% chlorhexidine diacetate (Sigma Chemical Company, 
St. Louis, MO) or treated with a comparable volume of sterile 
distilled water as a control treatment. Eggs then were 
concentrated into a pellet by centrifuging at 880g for 4 
minutes at 25 °C. After the supernatant was decanted, eggs 
were rinsed twice with sterile distilled water then incubated 
in sterile distilled water, 3 mM zinc sulfate, one of three 
concentrations of soybean root diffusate (0.5, 1.0, or 2.0 
RGH) as described above, or one of three concentrations of 
egg homogenate as described below. 
Egg homogenate solution was prepared by sonicating four 
batches of 70,000 eggs as described above with each batch 
assigned to a replication or block. Sterile distilled water 
was added to each batch of egg homogenate to give a final 
volume of 15 ml. Each batch of egg homogenate was 
individually sterilized by vacuum filtration with a 0.22-µm-
pore filter. The egg homogenate was sequentially diluted 
with sterile distilled water from an equivalent of 5,000 to 
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2,500 and 625 egg equivalent/ml. Eggs and egg homogenates 
were kept on ice or at 4 °C during the egg homogenate 
preparation process. 
The experiment was conducted four times, and eggs used 
in these experiments were extracted 12, 16, 20, and 32 weeks 
after soil collection. All treatment combinations were 
replicated a total of 14 times over the course of the four 
experiments. Percent cumulative hatch after 18 days of 
incubation was calculated as described above. 
Effect of various surface disinfestants on hatching: To 
investigate the effects of various surface disinfestants on 
fi. glycines egg hatching, a five-by-eight factorial 
experiment was conducted. Eggs were extracted from cysts 
obtained from infested soil collected in 1999. Eggs were 
incubated at 25 °C for 15 minutes in sterile distilled water, 
0.5% chlorhexidine diacetate (Acedo and Dropkin, 1982), 0.1% 
streptomycin sulfate (Mountain, 1955), for 2 minutes in 0.5% 
sodium hypochlorite (Thompson and Tylka, 1997), or for 1 
minute in 0.02% mercuric chloride (Arjun, 1982). 
Subsequently, eggs were concentrated into pellets by 
centrifuging at 6,000g for 1 minute, supernatants were 
decanted, and eggs were rinsed twice with sterile distilled 
water. Eggs then were incubated in either sterile distilled 
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water, 3 mM zinc sulfate, one of three concentration of. 
soybean root diffusate (0.5, 2.0, or 4.0 RGH), or one of 
three concentrations of egg homogenate (625, 2,500, or 5,000 
egg equivalent/ml). The soybean root diffusate and egg 
homogenate were prepared as described above. 
The experiment was conducted twice with eggs extracted 
17 and 24 weeks after soil collection. Treatments were 
replicated four times in each experiment, and percent 
cumulative hatch calculated after 18 days of incubation as 
described above. 
Data analysis: In all experiments, percent cumulative 
hatch was transformed to natural log. Results from repeated 
experiments were similar and were combined for analysis. 
Transformed data were analyzed by analysis of variance 
(ANOVA) using a mixed linear model (Littell et al., 1996) 
For experiments investigating the effects of cyst components 
and chlorhexidine diacetate on hatching, effects of 
experiment, replications within experiment, and experiment by 
factor (incubation solution or surface disinfestant) 
interactions were designated random. For the experiment 
investigating the effects of various surface disinfestants on 
hatching, transformed data were analyzed by ANOVA using mixed 
linear model with replication and replication by factor 
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(incubation solution or surface disinfestant) interactions 
designated as random. Experiments were analyzed for main and 
interaction effects. When significant (P~0.05) main and 
interaction effects were detected by lillOVA, treatment means 
were compared to sterile distilled water and zinc sulfate 
using Dunnett's test. 
To determine whether hatch was different among 
incubation solutions, hatch in the incubation solutions was 
compared to hatch in sterile distilled water of similarly 
treated eggs (i.e. within surface disinfestant) using 
Dunnett's test (a=0.05) on transformed data. When hatch was 
significantly greater (a=0.05) in an incubation solution than 
hatch of similarly treated eggs in sterile distilled water, 
hatch in the incubation solution then was compared to hatch 
of similarly treated eggs incubated in zinc sulfate using 
Dunnett's test (a=0.05). To determine the effect of surface 
disinfestant on hatching, hatch of surface disinfested-
treated eggs was compared to hatch of untreated eggs within 
an incubation solution using Dunnett's test (a=0.05) on the 
transformed data. Statistical tests were completed using 
Statistical Analysis System version 6.12 (SAS Institute Inc; 
Cary, NC) . 
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RESULTS 
Effect of cyst components on hatching: Percent 
cumulative hatch after 18 days ranged from 7% to 35% for 
individual treatments (Table 1). Hatch of eggs in the two 
highest concentrations of cyst wall and egg rinsate and egg 
homogenate was 2.0- to 3.8-times greater (a=0.05), 
respectively, than hatch in sterile distilled water and not 
significantly different from hatch in zinc sulfate. Hatch in 
sterile distilled water was not different from hatch in 
soybean root diffusate and the remaining cyst components. 
Effect of chlorhexidine diacetate on hatching: 
There was a significant (P~0.05) main effect of incubation 
solution (Table 2) on hatching of H- glycines eggs. Hatch in 
zinc sulfate was more than ten times greater (a=0.05) than 
hatch in sterile distilled water. Hatching of eggs incubated 
in soybean root diffusate and in the lowest concentration of 
egg homogenate was not different from hatch in sterile 
distilled water. However, hatch in the two highest 
concentrations of egg homogenate was more than double 
(a=0.05) the hatch in sterile distilled water, although less 
(a=0.05) than the hatch in zinc sulfate. A significant 
(P~0.05) main effect also was detected for surface 
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disinfestant (Table 2). Hatch of eggs treated with 
chlorhexidine diacetate was approximately half of the hatch 
for untreated eggs. 
A significant (PS0.05) interaction between incubation 
solution and surface disinfestant was detected (Table 3) 
Hatch of eggs treated with chlorhexidine diacetate was 
reduced (a=0.05) by 66% to 83% relative to hatch of untreated 
eggs in all incubation solutions except zinc sulfate, in 
which hatch of untreated and chlorhexidine diacetate-treated 
eggs was similar. Hatch in the highest concentration of egg 
homogenate was 0.3-times greater (a=0.05) than hatch in 
sterile distilled water for both untreated and chlorhexidine 
diacetate-treated eggs, however hatch was 60% and 80% lower 
(a=0.05) than hatch in zinc sulfate, respectively. 
Effect of various surface disinfestants on hatching: 
Significant (PS0 .. 05) main effects were detected for incubation 
solution (Table 4). The hatch in zinc sulfate was 6.0-times 
greater (a=0.05) than hatch in sterile distilled water. The 
hatch in the two highest concentrations of egg homogenate was 
more than double (a=0.05) the hatch in sterile distilled 
water, although only half (a=0.05) of the hatch in zinc 
sulfate. Hatch in all three concentrations of soybean root 
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diffusate and the lowest concentration of egg homogenate was 
not different from hatch in sterile distilled water. 
Significant maih effects also were detected (P~0.05) for 
surface disinfestant (Table 4). The hatch of eggs treated 
with chlorhexidine diacetate, mercuric chloride, streptomycin 
sulfate ranged from 15% to 68% lower (a=0.05) than hatch of 
untreated eggs. However, hatch of eggs treated with sodium 
hypochlorite was 0.3-times greater (a=0.05) than hatch of 
untreated eggs. 
A significant interaction (P~0.05) between incubation 
solution and surface disinfestant was detected (table 5). 
Hatch of eggs treated with chlorhexidine diacetate, mercuric 
chloride, or streptomycin sulfate and incubated in sterile 
distilled water, soybean root diffusate, and egg homogenate 
was 26% to 92% lower (a=0.05) than that of untreated eggs. 
However, hatch of eggs treated with sodium hypochlorite was 
0.2- to 2.8-times greater than hatch of untreated eggs in 
similar solutions, but this difference was only significant 
(a=0.05) for the highest concentration of soybean root 
diffusate. Hatch in zinc sulfate was greater (a=0.05) than 
hatch in sterile distilled water and similar among untreated 
and surface disinfestant-treated eggs, except for mercuric 
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chloride-treated eggs in which hatch was 56% lower (a=0.05) 
than hatch of untreated eggs. Hatch in the two highest 
concentrations of egg homogenate was similar between 
untreated and streptomycin sulfate-treated eggs, which ranged 
from 1.4- to 11-times greater (a=0.05) than hatch of similar 
eggs in sterile distilled water. In addition, hatch in the 
highest concentration of egg homogenate was not different 
from hatch in zinc sulfate within untreated and streptomycin 
sulfate-treated eggs. 
DISCUSSION 
In contrast to Okada's reported results (1972a), H-
glycines cyst wall and egg rinsate stimulated rather than 
inhibited hatching in our experiments. Okada detected hatch 
inhibition from cyst wall and egg rinsate of H- glycines 
cysts collected in autumn. In our work, cysts were 
collected in the spring. A possible explanation for the 
discrepancy in hatching between the two studies is that hatch 
inhibitors may be present in the autumn, but absent in the 
spring. Absence of the hatch inhibitors may have resulted 
from their degradation while the cysts over-wintered in the 
soil. Conversely, if hatch inhibitors were present during 
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our study, the eggs may not have responded to the 
concentrations tested or were not physiologically sensitive 
to the hatch inhibitors. Inhibition of hatching in the fall 
may prepare the eggs for over-wintering in the soil. The 
absence or lack of inhibition by hatch inhibitors may be 
involved in promoting hatch in the spring. 
We confirmed Okada's report (1972b) of hatch stimulation 
from fl. glycines egg homogenate. We detected one-third the 
hatch stimulation observed by Okada at concentrations that 
were 12 to 24 times greater than Okada tested. These 
differences in hatch stimulation may simply reflect 
differences in egg homogenate concentrations tested. An 
additional source of variability among hatching between the 
studies may be due to the variability in the number of eggs 
contained within cysts. The egg homogenate concentration was 
quantified using cysts rather than eggs, and the number of 
eggs per cyst may differ among experiments, which makes it 
difficult to compare the concentration of egg homogenate 
between our and Okada's experiments. 
Differences in hatching we observed among the surface 
disinfestant treatments may be explained by their mode of 
action in other organisms. Mercury, in the form of mercuric 
chloride, inactivates proteins by binding to thiol (-SH) 
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groups (Krushner, 1971). Inactivation of proteins important 
to metabolism would result in nematode death and subsequent 
reduction in hatching. Streptomycin sulfate specifically 
inactivates prokaryotic ribosomal proteins (Brock and 
Madigan, 1988; Sande and Mandell, 1985), suggesting that it 
may not affect proteins involved in hatching of eukaryotes 
such as fl. glycines. This mode of action may explain why 
streptomycin sulfate did not interfere with hatch stimulation 
by zinc sulfate and egg homogenate, but it is unclear why it 
reduced hatch in other incubation solutions. 
Chlorhexidine diacetate interferes with adenosine 
triphosphatase (ATPase) activity in bacteria (Longworth, 
1971). ATPases are important enzymes involved in many 
energy-requiring physiological pathways, some of which are 
homologous between prokaryotic and eukaryotic organisms 
(Alberts et al., 1994). Chlorhexidine diacetate may be 
interfering with ATPase activity in unhatched eggs of fl. 
glycines, which subsequently disrupts hatching or reduces the 
viability of unhatched juveniles. This hypothesis, however, 
does not explain why hatching in zinc sulfate was not altered 
after eggs were treated with chlorhexidine diacetate. 
Zinc sulfate may affect hatching by a different 
mechanism than the natural hatch stimulators because 
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treatment of eggs with chlorhexidine diacetate, sodium 
hypochlorite, and streptomycin sulfate did not alter 
hatching. Rather than stimulating hatch physiologically, 
zinc sulfate may change the physical properties of the 
eggshell. Treatment of Meloidogyne naasi eggs with sodium 
hypochlorite increases hatching (Ogunfowora and Evans, 1976), 
which may result from the destruction of the lipoprotein 
membrane of the eggshell. Since we observed increased 
hatching after treatment of fl. glycines eggs with sodium 
hypochlorite as well as zinc sulfate, it is possible that 
zinc sulfate may alter the fl. glycines eggshell in a similar 
manner. However, neither the presence of the lipoprotein 
layer in the eggshell, nor its importance in hatching has 
been firmly established for fl. glycines (Perry and Trett, 
1986). Further investigation of the viability and 
developmental maturity of juveniles hatched in zinc sulfate 
may reveal clues to the role of this compound in fl. glycines 
hatching. 
Our observations that hatch stimulation of eggs treated 
with different surface disinfestants, then incubated in egg 
homogenate, was variable suggests a microbial role in hatch 
stimulation by fl. glycines egg homogenate. Fungi or bacteria 
may metabolize the egg homogenate, resulting in the formation 
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of compounds that stimulate hatching. An alternative 
explanation for this variable impact on hatching is that the 
surface disinfestants interfered with the eggs' ability to be 
stimulated by the egg homogenate. One example of this may be 
the removal or inactivation of protein-receptors located on 
the surface of the eggshell that recognize compounds that 
elicit a hatch response. Further investigation will be 
required to clarify the mechanisms of hatch stimulation in fl. 
glycines egg homogenate. 
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Table 1. Effect of cyst components 
and other incubation solutions on 
hatching of H- glycines eggs in vitro 
for 18 days relative to hatch in 
sterile distilled water and zinc 
sulfate. 
Cumulative 
Incubation solution hatch (%) 
Sterile distilled water 7.2 
3 mM zinc sulfate 33.0 a 
Soybean root diffusate 8.6 
Cyst wall fragments (cyst/ml) 
17 10.1 
66 10.8 
133 11.4 
Cyst wall and egg rinsate (cysts/ml) 
17 11.4 
66 21. 7 a 
133 22.0 a 
Egg homogenate (cysts/ml) 
17 14.4 
66 34.9 a 
133 24.8 a 
Values are means of 16 replications combined from 
four experiments, except for cyst wall fragment where 
data values are means of 12 replications from three 
experiments. Data were transformed to log(x) for 
statistical analyses. Non-transformed data are 
presented. Means followed by (a) are different from 
sterile distilled water and by (b) are different from 
zinc sulfate according to Dunnett's test (a=0.05). 
b 
b 
b 
b 
b 
b 
b 
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Table 2. Main effects of incubation 
solution and surface disinfestant on hatching 
of fl. glycines in vitro for 18 days. 
Factor 
Incubation solution 
Sterile distilled water 
3.mM zinc sulfate 
Soybean root diffusate 
(root-gram-hour) 
Egg homogenate 
(egg equivalent/ml) 
Surface disinfestant 
Untreated 
0.5 
1.0 
2.0 
625 
2,500 
5,000 
0.5% chlorhexidine diacetate 
Cumulative 
hatch (%) 
3.6 
43.8 
5.8 
4.9 
2.9 
4.7 
10.0 
12.0 
14.1 
7.8 
a 
a 
a 
a 
C 
Values are means of 32 and 128 observations for 
incubation solution and surface disinfestant, 
respectively. Data were transformed to log(x) for 
statistical analyses. Non-transformed data are 
presented. Means within incubation.solution followed 
by (a) are different from sterile distilled water, and 
by (b) are different from zinc sulfate according to 
Dunnett's test (a=0.05). Means within surface 
disinfestant followed by (c) are different from 
untreated eggs according to Dunnett's test (a=0.05). 
b 
b 
b 
b 
b 
b 
b 
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Table 3. Effects of incubation solution and surface 
disinfestant on hatching of fl. glycines eggs in vitro 
for 18 days. 
0.5% 
chlorhexidine 
Incubation solution Untreated di acetate 
Cumulative hatch (%) 
Sterile distilled water 5.4 b 1. 8 b 
3 mM zinc sulfate 45.2 a 42.4 a 
Soybean root diffusate 
(root-gram-hour) 
0.5 9.9 b 1. 7 b 
1.0 7.5 b 2.2 b 
2.0 44.5 b 1.2 b 
Egg homogenate 
(egg equivalent/ml) 
625 7.6 b 1. 7 b 
2,500 15.0 a b 4.9 b 
5,000 17.9 a b 6.1 a b 
Values are means of 14 replications combined from four 
experiments. Data were transformed to log(x) for statistical 
analyses. Non-transformed data are presented. Means within 
incubation solution followed by (a) are different from sterile 
distilled water, and by (b) are different from zinc sulfate 
according to Dunnett's test (a=0.05). Means within surface 
disinfestant followed by (c) are different from untreated eggs 
according to Dunnett's test (a=0.05). 
C 
C 
C 
C 
C 
C 
C 
38 
Table 4. Main effects of incubation solution 
and surface disinfestant on hatching of fl. 
glycines eggs in vitro for 18 days. 
Factor 
Incubation solution 
Sterile distilled water 
3 mM zinc sulfate 
Soybean root diffusate 
(root-gram-hour) 
Egg homogenate 
(egg equivalent/ml) 
Surface disinfestant 
Untreated 
0.5 
1.0 
2.0 
625 
2,500 
5,000 
0.5% chlorhexidine diacetate 
0.02% mercuric chloride 
0.5% sodium hypochlorite 
0.01% streptomycin sulfate 
Cumulative 
hatch (%) 
4.7 
31.4 
6.6 
4.8 
3.2 
6.5 
13.4 
14.0 
12.8 
5.5 
4.1 
19.6 
10.9 
a 
a 
a 
C 
C 
C 
C 
b 
b 
b 
b 
b 
b 
b 
Values are means of 40 and 64 observations for 
incubation solution and surface disinfestant, 
respectively. Data were transformed to log(x) for 
statistical analyses. Non-transformed data are 
presented. Means within incubation solution followed 
by (a) are different from sterile distilled water, and 
by (b) different from zinc sulfate according to 
Dunnett's test (a=0.05). Means within surface 
disinfestant followed by (c) are different from 
untreated eggs according to Dunnett's test (a=0.05). 
Table 5. Effect of incubation solution and surface disinfestant on 
hatching of fl. glycines eggs in vitro for 18 days. 
0.5% 0.02% 0.5% 0.1% 
Untreated chlorhexidine mercuric sodium streptomycin 
Incubation solution diacetate chloride hypochlorite sulfate 
Sterile distilled water 
3 mM zinc sulfate 
Soybean root diffusate 
(root-gram-hour) 
7.2 
34.9 
8.4 
a 
b 1.5 b c 
28.7 a 
b 0.7 b C 
Cumulative hatch(%) 
1.3 C 11.4 b 1.9 b c 
15.2 a C 39.8 a 38.3 a 
1.6 C 19.2 b 3.2 b c 0.5 
2.0 
4.0 
5.4 b 0.8 b c 0.9 C 9.3 b 7.6 ab 
2.3 ab 1. 7 b C 1.4 8.7 b c 1.8 b 
Egg homogenate 
7.9 b 2.6 b c 1.4 C 16.9 b 3.8 b c 
(egg equivalent/ml) 
625 
2,500 
5,000 
17.1 ab 4.0 b c 9.2 a C 28.1 b 8.7 a b 
19.1 a 3.7 b C 2.0 C 23.4 b 21.9 a 
Values are means of eight replications combined from two experiments. Data were transformed to log(x) for 
statistical analyses. Non-transformed data are presented. Means within incubation solution followed by (a) are 
different from sterile distilled water, and by (b) are different from zinc sulfate according to Dunnett's test 
(a=0.05). Means within surface disinfestant followed by (c) are different from untreated eggs according to 
Dunnett's test (a=0.05). 
w 
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RELATIONSHIP BETWEEN ACRIDINE ORANGE FLUORESCENCE 
AND HATCHING OF HETERODERA GLYCINES EGGS 
A paper to be submitted to the Journal of Nematology 
D. V. Charlson, K. R. Harkins, and G. L. Tylka 
ABSTRACT 
Uptake of acridine orange resulting from increased eggshell 
permeability is a reliable predictor of hatching for 
Globodera rostochiensis eggs. We conducted laboratory 
experiments to determine whether staining of Heterodera 
glycines eggs with acridine orange correlated with hatching. 
H- glycines eggs were incubated in sterile distilled water, 
zinc sulfate, or soybean root diffusate and were stained with 
acridine orange for 1 or 24 hours prior to assessing 
fluorescence. The fluorescence of mature eggs at 24 hours 
positively correlated with hatching in zinc sulfate. However, 
correlations between fluorescence of mature eggs at 24 hours 
and hatch in soybean root diffusate were positive, negative, 
or non-existent depending on the concentration of the root 
diffusate. Fluorescence of immature eggs at 1 and 24 hours 
positively correlated with hatching in zinc sulfate and 
sterile distilled water. Although there were some significant 
41 
correlations between fluorescence and hatching of fi. glycines 
eggs, the relationships were not sufficiently consistent for 
this technique to be used to reliably predict fi. glycines 
hatching. 
Key Words: acridine orange, flow cytometry, Globodera 
rostochiensis, Heterodera glycines, hatching, hatch 
stimulation, soybean root diffusate, zinc sulfate. 
INTRODUCTION 
The soybean cyst nematode, Heterodera glycines Ichinohe, 
causes yield losses of more than 48 million bushels annually 
for soybean-producing states in the north central United 
States (Doupnik, 1993). This soybean pathogen is a 
sedentary, endoparasitic nematode that requires a host to 
complete its life cycle (Young, 1992). Current management 
strategies include the use of resistant soybean varieties, 
nematicides, and nonhost crops (Tylka, 1995). One potential 
new management strategy is to stimulate hatching of H-
glycines when a nonhost crop, such as corn, is grown (Tylka, 
1995). Hatching of second-stage juveniles in the absence of 
42 
a host crop would reduce the nematode population density due 
to starvation of the juveniles. 
Traditionally, laboratory experiments are conducted to 
directly assess the effect of compounds on nematode hatching, 
but such experiments are time consuming and labor intensive. 
A quicker means of assessing hatch would expedite the search 
for and isolation of compounds to manage H- glycines. Perry 
and Feil (1986) reported that the uptake of the fluorochrome 
dye, acridine orange, by eggs of the golden cyst nematode, 
Globodera rostochiensis (Wollenweber) Behrens, correlated 
well with subsequent hatching of the eggs. The basis of this 
correlation was passage of acridine orange into the eggs 
after an increase in eggshell permeability that immediately 
preceded hatching. The objective of our work was to 
determine if a similar, consistent relationship existed 
between fluorescence of eggs after acridine orange staining 
and hatching of H- glycines eggs. 
MATERIALS AND METHODS 
Inoculum was prepared by planting, cv. Kenwood 94 
soybeans, Glycine max (L.) Merrill in a growth medium of two-
parts sand:one-part soil (by volume) in the greenhouse. 
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Cultures were inoculated with fl. glycines eggs 3 to 4 days 
after planting. Six weeks after inoculation, females and 
cysts were collected from roots and infested sand:soil mix. 
Females and cysts were released from roots by shaking the 
submerged roots in water. Additional females and cysts were 
recovered from infested sand:soil mix by suspending the 
growth medium in water, then passing the water through an 
850-µm-pore sieve and collecting the females and cysts on a 
250-µm-pore sieve. Sucrose-centrifugal flotation methods 
modified from Jenkins' description (1964) were used to 
separate females and cysts from the remaining plant and soil 
debris. Females, cysts, and debris were suspended in 30 ml 
of 1,362 g/liter sucrose solution and centrifuged at 880g for 
2 minutes at 25 °C. The supernatant was poured through a 250-
µm-pore sieve, and the collected females and cysts were rinsed 
with tap water. Eggs were released by grinding females and 
cysts with a stainless steel pestle (Niblack et al., 1993), 
and eggs were recovered on a 25-µm-pore sieve. Eggs were 
surface disinfested with 0.5% chlorhexidine diacetate (Acedo 
and Dropkin, 1982) for 15 minutes, then rinsed twice with 
sterile distilled water. 
The experiment was conducted using a modified version of 
the laboratory hatching experiment described by Wong et al. 
44 
(1993). Approximately 10,000 eggs were pipetted onto 
microsieves constructed of 30-µm-pore nylon mesh (Tetko; 
Briarcliff Manor, NY) held between 18- and 20-mm-diam. 
cylinders made from polypropylene test tube caps with the 
ends removed (Fisher Scientific; Handover Park, IL). 
Hatching units comprised microsieves containing eggs placed 
in 2.5-cm-square polystyrene boxes (Althor Products; Wilton, 
CT) containing 3 ml of an incubation solution. 
Incubation solutions were sterile distilled water, 3 mM 
zinc sulfate, or one of three concentrations of soybean root 
diffusate. Soybean root diffusate was collected from soybean 
cv. Corsoy 79 grown in the greenhouse using a combination of 
two methods previously reported (Levene et al., 1998; Tefft 
and Bone, 1985). Roots of five-week-old soybean plants were 
removed from their growth medium of two-parts sand:one-part 
soil (by volume) and rinsed with tap water. The roots of six 
intact plants were incubated in a 500 ml Erlenmeyer flask 
covered with aluminum foil and containing 400 ml distilled 
water for 48 hours under natural light conditions with an 
average daytime temperature between 20 to 30 °C. After 
incubation, the roots were removed from each plant at the 
hypocotyl, air dried, and weighed. The diffusate 
concentration was quantified as root-gram-hour (RGH) by 
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multiplying root mass (g) with the time of incubation (hour) 
and then dividing by the volume (ml) of diffusate obtained 
after incubation (Tefft and Bone, 1985). The diffusate was 
centrifuged at 138,000g for 45 minutes at 4 QC to concentrate 
particulate matter, and the supernatant was collected and 
passed through a 0.22-µm-pore cellulose-acetate filter 
(Corning Costar; Corning, NY). Sterile diffusate was stored 
at -20 QC until thawed at 25 QC before dilution. Soybean root 
diffusate was diluted sequentially with sterile distilled 
water to concentrations of 2, 3, and 4 RGH for use in the 
experiments. Incubation solutions were prepared 1 day prior 
to and were stored at 4 QC during each experiment. 
Eggs were incubated in the various incubation solutions 
at 25 QC in darkness for up to 480 hours. Treatments 
comprised combinations of six incubation times (1, 24, 96, 
192, 288-, or 480 hours) in one of five incubation solutions. 
Each treatment was assigned to two hatching units per 
replication. One set of hatching units was used to measure 
egg hatch and the other set to assess acridine orange 
staining of eggs. Hatching units were arranged randomly in 
an 18-cm-wide x 30-cm-long x 7.5-cm-high polystyrene 
incubation container. Each incubation container comprised 
one replication in a randomized complete block design. 
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To determine the effect of incubation time on hatching, 
eggs were immersed in the aforementioned incubation solutions 
for the times described above. At the end of the incubation 
time, eggs were rinsed with sterile distilled water, 
transferred to sterile microsieves, and incubated in sterile 
distilled water for the remaining 480 hours of the 
experiment. Regardless of treatment, microsieves were 
transferred every 4 days to sterile incubation solutions. 
Hatched juveniles that passed through the microsieves 
and remained in the trays after each transfer were counted. 
Eggs remaining on the microsieves after 480 hours were 
counted and added to the number of hatched juveniles to 
estimate the initial number of eggs allocated to each 
microsieve. Percent cumulative hatch after 480 hours 
incubation was calculated for each hatching unit by dividing 
the sum of hatched juveniles by the initial number of eggs, 
then multiplying by 100 (Wong et al., 1993). All hatching 
data presented refer to cumulative hatch after 480 hours 
incubation. 
Acridine orange (Sigma Chemical Company; St. Louis, MO), 
was dissolved in distilled water and added directly to the 
incubation solution in the hatching tray, resulting in a 
final concentration of 0.1 mM of acridine orange. Egg 
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fluorescence was assessed at 1, 24, and 96 hours after the 
start of the experiment. For eggs sampled after 1 hour of 
staining, acridine orange was added to the incubation 
solution at the start of the experiment. Otherwise, eggs 
were incubated with acridine orange for 24 hours. 
Acridine-orange-treated eggs were rinsed with distilled 
water, then analyzed with a Coulter Elite ESP flow cytometer 
(Coulter Corporation; Miami, Fl) equipped with a 200-µm flow-
cell-tip and calibrated for stream velocity of 10 m/second, 
sheath_pressure of 41.1 kPa, and flow rate of 100 eggs/second 
(Tylka et al., 1993). A 15 mW laser-emitting light of 488 nm 
wavelength was used. Sorting was performed with a bimorphic 
crystal frequency of 8 kHz. Forward laser light scatter was 
reduced to the photodiode with a 10% neutral density filter. 
A 488 nm dichroic filter was used to reflect laser light 
scattered at 90° to the photomultiplier tube for the detection 
of side scatter. 
Fluorescence of immature and mature eggs was assessed. 
Immature fl. glycines eggs are smaller and more granular than 
mature eggs (Tylka et al., 1993). Granularity of eggs was 
plotted on the Y-axis of a dot-density plot as the amount of 
90° light scatter (Fig. 1). Egg size was plotted on the X-
axis as the amount of forward angle light scatter (Fig. 1). 
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Data from immature eggs, those eggs that contained nematode 
embryos in the early stages of embryogenesis, appear in the 
upper left corner of the dot-density plot. Conversely, data 
from mature eggs, those eggs containing unhatched, vermiform 
juveniles, appear in the lower right corner of the plot. 
Immature and mature eggs were chosen for fluorescence 
analysis using a gating process. 
The range of autofluorescence for unstained eggs within 
the green and yellow wavelengths was determined before 
assessing the fluorescence of eggs stained with acridine 
orange. The level of green fluorescence intensity was 
measured at band lengths of 515 to 535 nm using a dichroic 
560 nm long pass filter and a 525 nm band pass filter. The 
level of yellow fluorescence at 565 to 585 nm wavelengths was 
assessed using a dichroic 590 nm long pass filter and a 575 
nm band pass filter. 
The percentage of fluorescing immature and mature eggs 
stained with acridine orange was calculated by dividing the 
number of eggs that were brighter than unstained eggs by the 
total number of eggs sampled within the same developmental 
category, then multiplying by 100. The percent of all eggs 
fluorescing was determined as described above, but by summing 
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the number of immature and mature eggs fluorescing brighter 
than unstained eggs. 
Two experiments were completed with four replications 
each. Before data analysis, percent cumulative hatch and 
percent of fluorescing eggs were transformed to natural log. 
Hatching data from each experiment were analyzed 
independently using analysis of variance (ANOVA) to test for 
significant (P~0.05) main and interaction effects of 
incubation time and incubation solution. When significant 
main and interaction effects were detected, data were 
analyzed with the Dunnett's test (a=0.05) to determine 
whether hatch in zinc sulfate or soybean root diffusate was 
different from hatch in sterile distilled water within each 
incubation time. Dunnett's test (a=0.05) also was used to 
determine whether hatch of eggs in 1, 24, 96, 192, or 288 
hours of incubation was different from hatch after 480 hours 
of continuous incubation within each incubation solution. To 
assess the relationships between hatch after 480 hours of 
incubation and fluorescence of the eggs at 1, 24, and 96 
hours, data from both experiments were pooled and Pearson's 
correlation analysis completed. Statistical Analysis System 
version 6.12 (SAS Institute Inc, Cary, NC) was used to 
conduct statistical tests. 
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We also visually examined the staining phenotypes of 
eggs that fluoresced brighter than autofluorescing eggs for 
both immature and mature egg populations after 24 hours 
incubation in 3 mM zinc sulfate with 0.1 mM acridine orange. 
Eggs were rinsed to remove excess dye as described above. 
Populations of immature and mature eggs were sorted from the 
total egg population with the Coulter Elite ESP flow 
cytometer using a two-droplet sort method. Visual 
observations of stained eggs were done using an Axiovert 100 
inverted microscope (Zeiss, Germany) equipped with a mercury 
light source emitting 100 watts (AttoArch; Zeiss, Germany). 
Eggs were examined under l00x magnification. Fluorescence 
was examined using a filter that allowed excitation at 390, 
486, and 577 nm wavelengths and an emitter filter that 
allowed 457, 528, and 628 nm wavelengths to pass through to 
the ocular lens (Omega #XF67; Omega Optical, Brattleboro, 
VT). We examined the fluorescence color and localization of 
acridine orange staining in the unhatched immature and mature 
eggs. 
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RESULTS 
Hatch assessment: There was a significant (P~0.05) main 
effect of incubation solution in both experiments (Table 1). 
In the first experiment, hatch in zinc sulfate and soybean 
root diffusate ranged from 0.2- to o:s-times greater (a=0.05) 
than sterile distilled water. However in the second 
experiment, hatch in zinc sulfate and only the 4 RGH soybean 
root diffusate was greater (a=0.05), by 0.3- and 0.4-times, 
respectively, than hatch in sterile distilled water. 
The main effect of incubation time on hatching was 
significant (P~0.05) in both experiments (Table 1). In the 
first experiment, hatch after 1 hour of incubation was lower 
(a=0.05), by 24%, than hatch after 480 hours of continuous 
incubation. However, hatch after 24 hours did not differ 
from hatching after 480 hours. In contrast, hatching between 
96 and 288 hours incubation was, on average, 0.3-times 
greater (a=0.05) than at 480 hours. In the second 
experiment, the range of hatching over incubation times was 
39% to 54%. Although a significant (P~0.05) main effect of 
incubation time was detected by ANOVA, there were no 
significant differences revealed by Dunnett's test between 
hatching at 480 hours and hatching at other incubation times. 
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A significant (P~0.05) interaction between incubation 
solution and incubation time was detected for the first 
experiment, but not for the second experiment. Consequently, 
means of interactive effects are presented only for 
experiment one (Table 2). There were no differences in 
hatching of eggs in zinc sulfate and the three concentrations 
of root diffusate relative to sterile distilled water for all 
incubation times from 24 to 288 hours. However, hatch after 
1 hour of incubation in two concentrations of root diffusate 
and after 480 hours of continuos incubation in zinc sulfate 
and all concentrations of root diffusate was 1.0- to 1.3-
times greater (a=0.05) than hatch of similar eggs in water. 
There were no differences in hatching over incubation times 
of eggs in zinc sulfate and the highest and lowest 
concentrations of root diffusate. However, hatch in sterile 
distilled water was 1.2- to 1.8-times greater (a=0.05) at 288 
and 192 hours than 480 hours, respectively. In contrast, 
hatch was lower (a=0.05) at 1 and 24 hours, by 42%, than 480 
hours in 3 RGH soybean root diffusate. 
Flow cytometric analysis: The fluorescence of immature 
and mature eggs was assessed independently. When unstained 
eggs were evaluated for fluorescence in the yellow vs. green 
wavelengths, the eggs were aggregated in a linear pattern 
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near the origins of the X- and Y-axis of the yellow vs. green 
fluorescence dot-density plot (Fig. 2A), regardless of egg 
developmental stage. 
To identify eggs that fluoresced brighter than unstained 
eggs, the dot-density plot of yellow and green fluorescence 
was divided into quadrants so that all data from unstained 
eggs appeared in the lower left quadrant (Fig. 2A). 
Following staining of eggs with acridine orange, the 
distribution of eggs expanded to include eggs whose data 
points appeared in the upper right quadrant (Fig. 2B). 
Consequently, the eggs represented in the upper right 
quadrant were eggs fluorescing brighter than unstained eggs. 
The distribution of fluorescence of immature eggs was similar 
to that of mature eggs (data not shown). 
The percentage of eggs fluorescing brighter than 
unstained eggs was similar among incubation solutions. The 
fluorescence of mature eggs, averaged over the incubation 
solutions, was 16% to 21% for one- to 96-hour staining 
durations, respectively, for both experiments (data not 
shown). The average fluorescence of immature eggs among all 
incubation solutions increased from 9% to 35% in the first 
experiment and 22% to 66% in the second experiment as 
staining duration increased from 1 to 96 hours, respectively 
54 
(data not shown). Similarly, the fluorescence of eggs of all 
developmental stages, averaged over all incubation solutions, 
increased from 8% to 35% as the staining duration increased 
from 1 to 96 hours (data not shown). 
Relationship between hatching and egg fluorescence: 
Correlations between hatching after 480 hours incubation and 
fluorescence of mature eggs were detected for some, but not 
all, incubation solutions and staining durations (Table 3). 
Positive correlations between fluorescence of mature eggs at 
24 hours and hatching after 480 hours of continuous 
incubation were detected in zinc sulfate and 2 RGH soybean 
root diffusate. However, there was a negative correlation at 
24 hours in 3 RGH soybean root diffusate, and no correlations 
for sterile distilled water or 4 RGH soybean root diffusate. 
In addition, no significant correlations between hatching and 
fluorescence occurred with mature eggs sampled at 1 or 96 
hours in any of the incubation solutions tested. 
A correlation between hatching and fluorescence of 
immature eggs was detected for eggs incubated continuously 
for 480 hours in sterile distilled water and zinc sulfate, 
but not in soybean root diffusate (Table 4). In sterile 
distilled water, the positive correlation occurred with 1 and 
24 hours of staining, and in zinc sulfate, it only occurred 
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at the 24-hour staining duration. Correlations between 
hatching and fluorescence of immature eggs were not detected 
for any of the incubation solutions at 96 hours or in soybean 
root diffusate at any staining duration. 
When data from immature and mature eggs were combined, a 
positive correlation between hatching and fluorescence was 
detected only at the 24-hour staining duration for eggs 
incubated in zinc sulfate (Table 5). 
Where correlations of hatching and fluorescence were 
significant (P~0.05) for mature eggs, the data points from 
both experiments were distributed among a wider range of 
hatching and fluorescence values (Fig. 3A,B) than for 
significant correlations (P~0.05) within immature eggs (Fig. 
4A-C). 
Visual observations of acridine orange stained eggs: 
Immature and mature eggs were isolated from the upper right 
and lower left quadrants of the yellow vs. green fluorescence 
dot-density plot described above. For eggs from the lower 
left quadrant of the plot, there were no observable 
differences in the brightness of fluorescence among eggs 
incubated or not incubated with acridine orange. 
In contrast, several fluorescence phenotypes were 
observed for eggs from the upper right quadrant that were 
56 
incubated in zinc sulfate and acridine orange. Egg shells 
fluoresced red for eggs that contained embryonic tissue, 
unhatched juveniles, or were empty. Some immature and mature 
eggs had aggregations of fluorescing green regions and(or) 
punctate green fluorescence within the egg. In some mature 
eggs, the unhatched juveniles appeared pale yellow. The 
punctate fluorescence of hatched juveniles and juveniles 
partially emerged from the egg was localized in the 
intestinal regions. The stylets of these nematodes also 
fluoresced green. 
DISCUSSION 
Perry and Feil (1986) examined the fluorescence of Q. 
rostochiensis eggs containing unhatched, coiled juveniles, 
which were comparable to the mature H- glycines eggs in our 
experiments. As in their work, we detected a positive 
relationship between hatching and fluorescence of mature H-
glycines eggs and eggs of all developmental stages after 24 
hours of incubation in zinc sulfate. This result suggests 
that eggs of these two nematode species are affected in 
similar ways by zinc sulfate. However, the physiological 
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mechanism for hatch stimulation by zinc has yet to be 
determined for Q. rostochiensis and H- glycines. 
In Q. rostochiensis, a positive relationship occurs 
between fluorescence and hatching in potato root diffusate 
(Perry and Feil, 1986), which is a result of increases in 
eggshell permeability of Q. rostochiensis eggs. However, an 
increase in eggshell permeability after exposure to soybean 
root diffusate has not been established in H- glycines. One 
possible explanation for the inconsistent relationship 
between hatching and fluorescence for H- glycines eggs is 
that soybean root diffusate may not increase eggshell 
permeability in H- glycines. 
The significant correlations we detected between hatch 
and fluorescence in immature H- glycines eggs may be caused 
by clustering of fluorescence and hatching data into low and 
high values (Gomez and Gomez, 1984). This uneven 
distribution of data makes it difficult to determine if a 
true relationship exists between H- glycines hatching and 
acridine orange fluorescence for immature eggs. However, 
when a relationship between hatching and fluorescence was 
detected for mature eggs, the fluorescence and hatching data 
were widely distributed, suggesting a true correlation. 
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Although a true correlation may exist, significant 
relationships were inconsistent among or did not occur in all 
hatch-stimulating incubation solutions. These results 
suggest that uptake of acridine orange by eggs may not be 
related to hatching in fl. glycines. Additionally, egg 
fluorescence may be significantly correlated with hatching 
only in zinc sulfate and not in other incubation solutions 
because of possible differences in the hatching mechanisms 
among solutions. 
Differences in biology between Q. rostochiensis and fl. 
glycines likely explain why a relationship between hatching 
and egg staining occurs in Q. r·ostochiensis but not 
consistently with fl. glycines. Globodera rostochiensis eggs 
do not readily hatch in water, but large numbers of eggs will 
hatch upon brief exposure to potato root diffusate or zinc 
sulfate (Perry and Beane, 1982; Perry\and Feil, 1986). This 
"all-or-none" hatch response to hatch stimulators has enabled 
researchers to determine optimal incubation times to induce 
hatching of Q. rostochiensis eggs (Forrest and Perry, 1980; 
Perry and Beane, 1982; Perry and Feil, 1986). Tefft and Bone 
demonstrated that increases in incubation time to zinc 
chloride increase hatching in fl. glycines (1984). However, 
we did not observe this trend in relation to zinc sulfate. 
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Heterodera glycines may respond differently to the two zinc 
salts. Differences in geographic strains between studies 
also may account for differences in egg responsiveness to the 
hatch stimulators (Tefft and Bone, 1984). 
We are the first to report the effect of incubation time 
of H- glycines eggs incubated in soybean root diffusate. Our 
inability to determine an optimal incubation time to 
stimulate hatch and the inconsistent relationship between 
hatching and .fluorescence may be a result of variable hatch 
behavior observed in H- glycines egg populations. 
It is likely that H- glycines demonstrates at least four 
types of egg hatch behavior, similar to those described for 
H- schachtii by Zheng and Ferris, 1988; eggs that readily 
hatch in water in the absence of a hatch stimulator, eggs 
that hatch when stimulated by host root diffusate or zinc 
salts, eggs that do not hatch in the presence of a hatch 
stimulator, and non-viable eggs. This variation in hatching 
behavior within the H- glycines egg populations may be 
responsible for some of the inconsistent response patterns 
that we observed. In addition, a heterogeneous mixture of 
developmental stages within an egg population may influence 
the effect of hatch stimulation by incubation solutions, 
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resulting in subpopulations of eggs that do not respond 
simultaneously to the hatch simulators. 
To better understand the biology of the relationship 
between hatching and fluorescence in fl. glycines, we examined 
the fluorescence of acridine orange-stained eggs. The 
fluorescence of fl. glycines eggs incubated with acridine 
orange during our study may have been due to penetration of 
the dye into the eggs as a result of increased eggshell 
permeability, broken or damaged eggshells, or other 
unexplained phenomena. At least three staining phenotypes of 
eggs, with various combinations of the three, were visually 
observed using fluorescence microscopy. Eggshells of stained 
eggs appeared red, probably due to the interaction of dye 
with components of the eggshell. The fluorescence properties 
of acridine orange change depending on the material with 
which it interacts. Acridine orange fluoresces red when 
bound to single-stranded nucleic acids (i.e. RNA) and green 
when bound to double-stranded nucleic acids (i.e. DNA) 
(Darzynkiewicz, 1994a; 1994b). Some eggs demonstrated a hazy 
green glow from inside the eggs, and others demonstrated 
green punctate fluorescence associated with unhatched 
juveniles. The punctate fluorescence suggests nuclear 
staining of the unhatched juveniles. However, acridine 
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orange does not passively diffuse across intact plasma 
membranes (Traganos and Darzynkiewicz, 1994). The green 
fluorescence of the stylets and putative nuclear staining of 
cells localized around the intestinal regions of the 
nematodes suggests that the unhatched juveniles may actively 
absorb the dye. It is not clear whether the dye entered the 
eggs due to increases in eggshell permeability or eclosion. 
Conducting an experiment to compare staining of 
juveniles with 4, 6-diamidino-2-phenylindole (DAPI) and 
acridine orange may give additional support for nuclear 
staining of juveniles by acridine orange. Nuclei of hatched, 
H- glycines juveniles can be stained with DAPI (T. J. Baum, 
personal communication). If the punctate fluorescence 
patterns that we observed resulted from acridine orange 
staining of nuclei in juveniles, then co-localizaion of DAPI 
with acridine orange nuclear-staining should occur. This co-
localization of nuclear staining would give further support 
for the uptake of material by unhatched juveniles. 
Assessment of egg fluorescence by flow cytometry 
provided several advantages over similar measurements that 
could be made with fluorescence microscopy. With a flow 
cytometer, one can assay thousands of eggs in a very short 
time, reduce biased assessments of egg staining that may 
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otherwise occur with visual assessments using fluorescence 
microscopy, and specifically assess fluorescence of eggs 
based on their developmental stages (Tylka et al., 1993). 
However, flow cytometers have inherent analytical 
limitations. We could not differentiate between the several 
fluorescence phenotypes using this instrument. Perhaps 
stronger correlations might exist between hatching and 
percent of mature eggs exhibiting the punctate fluorescence; 
we did not test this relationship. 
In summary, consistent relationships between H-
glycines egg fluorescence and hatching in the incubation 
solutions were not detected in our experiments. 
Consequently, assessing staining of eggs with acridine orange 
was an unreliable predictor of hatch in H- glycines. 
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Table 1. Main effects of incubation 
solution and time on hatching (%) in H-
glycines. 
Experiment 
Factor one two 
Incubation solution 
Sterile distilled water 31. 6 37.5 
3 mM zinc sulfate 41.2 a 51.2 a 
Soybean root diffusate 
(root-gram-hour) 
2 41.6 a 44.4 
3 37.0 a 41. 9 
4 46.6 a 49.0 a 
Incubation time (hours) 
1 28.4 b 47.6 
24 30.2 39.4 
96 44.2 b 41. 6 
192 48 .4 b 45.1 
288 51.0 b 53.6 
480 36.6 43.8 
Values are means of 24 and 20 observations for 
incubation solution and incubation time, respectively. 
Data were transformed to log(x) for statistical 
analyses. Non-transformed data are presented. Means 
followed by (a) within incubation solution are different 
from sterile distilled water according to Dunnett's test 
(a=0.05). Means followed by (b) within incubation time 
are different from 480 hours according to Dunnett's test 
(a=O. 05) . 
Table 2. Effect of incubation solution and time on hatching (%) of fl. 
glycines eggs. Eggs were incubated in the incubation solutions for the 
indicated times before being transferred to sterile distilled water for the 
remainder of the experiment. 
Incubation time (hours) 
Incubation solution 1 24 96 192 288 480 
Sterile distilled water 17.4 29.5 34.7 52.6 b 41. 3 b 19.1 
3 mM zinc sulfate 28.3 32.6 37.2 51. 6 52.0 42. 0 a 
Soybean root diffusate 
(root-gram-hour) 
2 34. 6 a 32.8 50.1 45.9 62.7 35. 9 a 
3 24.5 b 26.3 b 43.5 42.6 43.5 43 .1 a 
4 40. 0 a 30.0 56.8 50.6 62.0 43. 0 a 
Data were transformed to log(x) for analyses. Non-transformed data are presented. Values are means of four 
replications. Means within columns followed by (a) are different from sterile distilled water according to Dunnett's 
test (a=0.05). Means within rows followed by (b) are different from 480 hours according to Dunnett's test (a=0.05). 
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Table 3. Relationships between hatching (%) after 480 hours of continuous 
incubation in various incubation solutions and fluorescence of mature H- glycines eggs 
at three staining durations. 
1 -
Incubation solution xa _!;lb nc 
Sterile distilled water -0.34 0.431 8 
3 mM zinc sulfate -0.59 0.125 8 
Soybean root diffusate 
(root-gram-hour) 
2 -0.02 0.970 8 
3 0.55 0.197 7 
4 0.43 0.288 8 
Data were transformed to log(x) for analyses. 
aPearson's correlation coefficient. 
bProbability value. 
cNumber of replications. 
Table 4. Relationships between hatching 
incubation in various incubation solutions 
eggs at three staining durations. 
1 
Incubation solution ra pb nc 
Sterile distilled water 0.92 0.001 8 
3 mM zinc sulfate -0.29 0.489 8 
Soybean root diffusate 
(root-gram-hour) 
2 0.55 0.157 8 
3 -0.43 0.338 7 
4 0.18 0.665 8 
Data were transformed to log(x) for analyses. 
aPearson's correlation coefficient. 
bProbability value. 
cNumber of replications. 
Staining duration (hours) 
24 96 
r p n r p n 
0.41 0.310 8 0.32 0.439 8 
0.85 0.008 8 -0.56 0.153 8 
0. 72 0.043 8 -0.33 0.431 8 
-0.76 0.049 7 -0.15 0.747 7 
-0.03 0.950 7 0.17 0.681 8 
(%) after 480 hours of continuous 
and fluorescence of immature H- gl_y_cines 
Staining duration (hours) 
24 96 
r p n r p n 
0.87 0.005 8 0.35 0.403 8 
.0. 83 0.010 8 0.64 0.085 8 
0.58 0.136 8 0.53 0.178 8 
-0.39 0.392 7 -0.28 0.541 7 
-0.33 0.468 7 -0.07 0.870 8 
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Table 5. Relationships between hatching (%) after 480 hours of continuous 
incubation in various incubation solutions and fluorescence of H- glycines eggs of all 
developmental stages at three staining durations. 
Staining duration (hours) 
1 24 96 
Incubation solution _r• pb Ile r p n r p n 
Sterile distilled water 0.01 0.978 8 0.53 0.176 8 0.34 0.417 8 
3 mM zinc sulfate -0.49 0.222 8 0.87 0.005 8 0.22 0.606 8 
Soybean root diffusate 
(root-gram-hour) 
2 0.26 0.542 8 0.65 0.079 8 0.19 0.654 8 
3 -0.03 0.956 7 -0.53 0.222 7 -0.34 0.453 7 
4 0.27 0.519 8 -0.14 0.769 7 0.14 0.748 8 
Data were transformed to log(x) for analyses. 
•Pearson's correlation coefficient. 
bProbability value. 
cNumber of replications. 
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Fig. 1. Dot-density plot of 90° light scatter vs. 
forward angle light scatter. Data points in gate A 
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solutions. 
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Fig. 4. Correlation of 
fluorescence of mature eggs after 
24 hours of staining with 
cumulative hatch after 480 hours 
incubation in A) 3 mM zinc sulfate. 
B) 2 RGH soybean root diffusate. 
C) 3 RGH soybean root diffusate. 
Each data point represents one 
replication. Note that the scale 
of the X-axis is not the same for 
all incubation solutions. 
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GENERAL DISCUSSION 
The threat of soybean yield loss due to soybean cyst 
nematode, Heterodera glycines, is increasing, but the number 
of economical and practical management strategies remains 
limited. The ability of H- glycines to delay hatch of 
encysted eggs for several years in the absence of a host crop 
is one factor that may contribute to the success of this 
pathogen. Hatch inhibitors associated with the fl. glycines 
cyst have been implicated in maintaining this hatch delay. 
If we could isolate and identify such hatch inhibitors, these 
natural compounds could be used in conjunction with current 
management strategies to prevent yield losses in soybean due 
to the soybean cyst nematode. 
The first step in isolating these putative hatch-
inhibiting compounds is to detect hatch inhibition associated 
with components of the fl. glycines cyst environment. We 
conducted laboratory experiments to determine if eggs 
incubated in cyst wall fragments, cyst wall and egg rinsate, 
and egg homogenate would be inhibited to hatch. In contrast 
to earlier published reports, hatch inhibition associated 
with fl. glycines cyst components was not detected in our 
studies. However, hatch stimulation was detected 
consistently from fl. glycines egg homogenate and cyst wall 
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and egg rinsate, which corroborates earlier reports of a 
putative hatch stimulator associated with fl. glycines egg 
homogenate. 
There are many potential explanations for why we did not 
detect hatch inhibition associated with the fl. glycines cyst 
components. The hatch inhibitors may not have been present 
in the cysts that were tested. Conversely, the presence of 
hatch stimulators may have interfered with hatch inhibitors 
or the eggs may not have responded to the hatch inhibitors. 
During our preliminary investigation of hatch 
stimulation associated with fl. glycines egg homogenate, 
surface disinfestation of eggs coincided with lower hatch 
relative to hatch of untreated eggs. We conducted laboratory 
hatch studies to determine the effect of four surface 
disinfestants on fl. glycines hatching. Eggs were surface 
disinfested with chlorhexidine diacetate, mercuric chloride, 
sodium hypochlorite, and streptomycin sulfate. After surface 
disinfestation, eggs were incubated in sterile distilled 
water, zinc sulfate, soybean root diffusate, or fl. glycines 
egg homogenate. Hatch of surface disinfested eggs was 
compared to hatch of untreated eggs incubated in comparable 
incubation solutions. In general, egg hatch in sterile 
distilled water, soybean root diffusate, and egg homogenate 
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was reduced after surface disinfestation with chlorhexidine 
diacetate, mercuric chloride, and streptomycin sulfate 
relative to that of untreated eggs. These three surface 
disinfestants may have reduced hatching by interfering with 
metabolic pathways or directly interfering with hatching 
physiology of the nematode. However, eggs treated with 
sodium hypochlorite demonstrated greater hatch in all 
incubation solutions relative to hatch of untreated eggs. 
Sodium hypochlorite may have dissolved the lipoprotein 
membrane of the fl. glycines eggshell. Increased permeability 
or degradation of the lipoprotein membrane has been 
implicated in hatching of other nematode species. 
Egg homogenate did not stimulate hatch of eggs treated 
with chlorhexidine diacetate, mercuric chloride, or sodium 
hypochlorite. However, eggs treated with streptomycin 
sulfate were stimulated to hatch in the egg homogenate. The 
effects of the various surface disinfestants on the detection 
of hatch stimulation from the egg homogenate may shed clues 
on the source of the hatch stimulation. However, from our 
studies it is not clear whether the hatch stimulation 
associated with the egg homogenate originated from the 
nematode or was a result of a microbial interaction with the 
egg homogenate and eggs. Surface disinfestation may have 
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altered the ability ?f nematode eggs to respond to natural 
hatch stimulators in the egg homogenate. Alternatively, 
surface' disinfestation may have removed microbes from the 
eggs that metabolize substances in the egg homogenate which 
lead to hatch stimulation of the nematode eggs. 
Three surface disinfestants had no effect on hatch 
stimulation by zinc sulfate. Only for eggs surface 
disinfested with mercuric chloride was hatch lower than hatch 
of untreated eggs while incubated in zinc sulfate. The 
differences in hatch inhibition associated with surface 
disinfestation between eggs incubated in zinc sulfate and egg 
homogenate may imply that zinc stimulates fl. glycines 
hatching by a mechanism different from that of fl. glycines 
egg homogenate. 
In hopes of expediting the isolation and testing of 
compounds that affect hatch in fl. glycines, a novel bioassay 
used to study hatching in Globodera rostochiensis was 
investigated for its utility as a predictor of hatch in fl. 
glycines. This bioassay involves the use of a fluorochrome 
dye to detect increases in eggshell permeability in Q. 
rostochiensis. Uptake of acridine orange has been found to 
correlate well with hatching in Q. rostochiensis. We wanted 
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to determine if uptake of acridine orange also could be 
correlated to hatch in fl. glycines eggs. 
In laboratory experiments, eggs were incubated in 
sterile distilled water, zinc sulfate, or soybean root 
diffusate. Eggs were incubated in the incubation solutions 
or incubated with the incubation solution plus acridine 
orange. Hatching of eggs was correlated to fluorescence of 
immature (eggs in the early stages of embryogensis) or mature 
(eggs containing unhatched juveniles) eggs stained with 
acridine orange for all incubation solutions. 
Correlations between fl. glycines hatch and acridine 
orange staining of eggs were detected under some conditions. 
For mature eggs, there was a positive correlation between 
hatch and egg staining of mature eggs incubated in zinc 
sulfate. However, mature eggs incubated in soybean root 
diffusate demonstrated positive, negative, and no 
relationship between hatching and staining depending on root 
diffusate concentration. In addition, significant 
correlations between hatching and staining were detected for 
immature eggs incubated in sterile distilled water and zinc 
sulfate. However, these significant correlations may have 
been the result of differences in hatching between 
experiments rather than differences due to treatment. The 
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inconsistent detection of a relationship between hatching and 
staining makes this assay an unreliable predictor of hatch in 
fl. glycines. 
In summary, natural hatch stimulation was detected 
consistently from components of the fl. glycines cyst 
environment. The next step in our research will be to 
isolate and identify compounds responsible for the hatch 
stimulation associated with the fl. glycines egg homogenate. 
Results of the surface disinfestation experiments will 
facilitate the isolation of the hatch-stimulatory compounds 
by providing clues on the biological source and mechanism of 
action of these putative hatch stimulators. Once these hatch 
stimulators are isolated and subsequently identified from fl. 
glycines egg homogenate, these compounds eventually may be 
used by soybean producers as tools to manage the soybean cyst 
nematode. 
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